We characterized the age-related change in large and small artery compliance in 137 healthy participants between 9 and 77 years of age. Large artery compliance, measured by diastolic pulse contour analysis, had a sharp positive linear trend (0.89 mL Â mm Hg À1 Â year À1 ) highly correlated with age in participants younger than 30 years (r ¼ .76, p <.0001), had a slight negative trend (À0.10 mL Â mm Hg À1 Â year À1 ) not significantly associated with age (r ¼ À.11, p ¼ .532) in middle-aged participants, and had a sharper negative trend (À0.19 mL Â mm Hg À1 Â year À1 ) significantly associated with age (r ¼ À.30, p ¼.023) in participants beyond 50 years. Similar results were found for small artery compliance. Large and small artery compliance increase in children, adolescents, and young adults, reach plateaus near age 30, and then decline beyond 30 years of age in those free of cardiovascular disease and risk factors.
Introduction
Early detection of vascular dysfunction is an important clinical objective to identify those at risk for subsequent cardiovascular events and to target these individuals for medical and behavioral interventions to reduce cardiovascular risk. Arterial stiffness, or reduced arterial compliance, is a noninvasive marker predictive of occlusive cerebrovascular disease, coronary disease, and peripheral vascular disease. 1, 2 Arterial compliance is reduced with modifiable risk factors such as smoking, 3 hypertension, 3 elevated levels of triglycerides, 4 and diabetes 5 and is increased with exercise. [6] [7] [8] [9] Consequently, arterial compliance may be an early marker for cardiovascular disease 1, 10 and possibly even a new cardiovascular risk factor. 11, 12 Age-related decreases in large artery compliance occur even in the absence of coexisting diseases 13, 14 due to structural changes within the arterial wall. These changes include increased fragmentation and decreased density of elastin, 15 increased concentration of collagen, 16 hypertrophy of vascular smooth muscle, 16 and decreased nitric oxide production. 17 Less is known about the age-related changes in small artery compliance. We recently reported that in a group of middle-aged and older participants with cardiovascular risk factors, small artery compliance was lower in individuals older than 70 years of age. 13 Although aging negatively impacts arterial compliance, it is not clear when compliance begins to decline in the large and small arteries in relatively healthy participants without cardiovascular disease and risk factors. Furthermore, the rates of change in both large and small arterial compliance are not well described. Therefore, the purpose of this study was to characterize the age-related change in arterial compliance in both the large and the small arteries in apparently healthy participants free of cardiovascular disease and risk factors across a wide age span.
Methods Participants
Recruitment. A total of 137 participants ranging in age from 9 to 77 years participated in this study. The participants were recruited by local newspaper advertisements and informational flyers distributed in Oklahoma City and surrounding areas. At the beginning of the study visit, participants agreed to participate by signing the informed consent form approved by the Institutional Review Boards at the University of Oklahoma, and the University of Oklahoma Health Sciences Center.
Medical screening. Participants were evaluated during a medical history and physical examination. Demographic information, height, weight, body mass index, waist and hip circumferences, cardiovascular risk factors, comorbid conditions, blood samples, and a list of current medications were obtained. Participants were excluded from this study if they were taking medications or had a history of the following conditions: cardiovascular disease, congestive heart failure, cerebrovascular disease, peripheral arterial disease, renal disease, hypertension, dyslipidemia, diabetes, and current smoking. Additionally, participants who were not taking medications and who did not have a history of these conditions were excluded for the following measurements obtained during the medical screening: systolic blood pressure !130 mm Hg, diastolic blood pressure !85 mm Hg, triglycerides !150 mg/dL, cholesterol >200 mg/dL, high-density lipoprotein cholesterol <40 mg/dL in men and <50 mg/dL in women, glucose !110 mg/dL, creatinine >1.2 mg/dL, blood urea nitrogen >21 mg/dL, and obesity defined as a body mass index !30 kg/m 2 .
Measurements
Pulse contour analysis (PCA). Arterial compliance measurements were obtained in the morning following an overnight fast of at least 8 hours and prior to engaging in any strenuous physical activity. The large artery elasticity index (LAEI) and small artery elasticity index (SAEI) were obtained by an HDI/ Pulsewave CR-2000 Cardiovascular Profiling System (Hypertension Diagnostic, Inc, Eagan, MN) following 5 to 10 minutes of rest in the supine position, as previously described. 13, [18] [19] [20] To convert values to whole numbers, the units for LAEI (mL Â mm Hg -1 ) were multiplied by 10 and the units for SAEI (ml Â mm Hg -1 ) were multiplied by 100. An appropriately sized blood pressure cuff was placed around the participant's left upper-arm, and a rigid plastic wrist stabilizer was placed on the participant's right wrist to minimize wrist movement and stabilize the radial artery during the measurement. An Arterial Pulsewave Sensor was placed on the skin directly over the radial artery at the point of the strongest pulse, while the arm rested in a supine position. The noninvasive acoustic sensor was adjusted to the highest relative signal strength, and arterial waveforms were recorded for 30 seconds and the diastolic portion was digitized at 200 samples per second to determine large artery and small artery elasticity indices. 21 Measurements were averaged over 3 continuous 30-second trials. The test-retest intraclass reliability coefficient is r ¼.87 for large artery compliance and r ¼.83 for small artery compliance. 18 
Statistical Analyses
As initial step, a polynomial regression was found that described the central tendency of the data cloud of LAEI over age. Using linear regression models, the linear trend for LAEI as a function of age was found for each of the following 3 age intervals: 9 to 30 years, 30 to 49 years, and 50 to 77 years. The corresponding slopes, intercepts, and correlation coefficients together with their associated p values were obtained. Analysis of the SAEI data was done in analogous manner. All analyses were performed using the NCSS statistical package. Statistical significance was set at p <.05.
Results
The clinical characteristics of the participants are displayed in Table 1 . The sample consisted of similar numbers of male and female participants who were predominantly Caucasian. The participants were apparently healthy with normal values for blood pressure and body mass index (BMI). Scatter plots together with corresponding best fitting fourth degree polynomials of LAEI and SAEI across age are shown in Figures 1 and 2 , respectively. In examination of these plots, both LAEI and SAEI increased with age in the younger participants, reaching a plateau near 30 years of age, followed by a decline in participants older than 30 years of age.
Subsequent analyses were performed to better assess the association of LAEI and SAEI with age in younger, middle-aged, and older participants by examining the linear trends within 3 age groups. Results for LAEI are displayed in Table 2 . Large artery elasticity index had a sharp positive linear trend with age (0.89 mL Â mm Hg À1 Â year À1 ) that was highly correlated with age in younger participants (r ¼ .76, p < .0001). In middle-aged participants, LAEI had a slight negative trend (À0.10 mL Â mm Hg À1 Â year À1 ) and was not significantly associated with age (r ¼ À.11, p ¼ .532), whereas older participants had a sharper negative trend in LAEI (À0.19 mL Â mm Hg À1 Â year À1 ) significantly associated with age (r ¼ À.30, p ¼ .023). The SAEI results shown in Table 3 indicate trends similar to that for LAEI. Small artery elasticity index had a sharp positive linear trend with age (0.36 mL Â mm Hg À1 Â year À1 ) that was significantly associated with age (r ¼ .66, p < .0001) in younger participants. In middle-aged participants, SAEI had a slight negative trend (À0.10 mL Â mm Hg À1 Â year À1 ) and was not significantly correlated with age (r ¼ À.24, p ¼ .189), whereas older participants had a slightly steeper negative trend in SAEI (À0.13 mL Â mm Hg À1 Â year À1 ) significantly associated with age (r ¼ À.36, p ¼ .006).
Discussion
A novel finding in this study was that large artery compliance was positively correlated with age in healthy, nonobese participants younger than 30 years, indicating that large artery compliance increased by 0.89 U per year with physical maturation. Although several studies have examined the role of obesity on large artery compliance in children and adolescents, [22] [23] [24] the association with age has not been reported in this age group. We found that large artery compliance declined beyond 30 years of age and was negatively correlated with age in healthy adults 50 years of age and older. The age-related decline in large artery compliance supports an earlier report that found large artery compliance was negatively associated with age in healthy adults between 21 and 82 years of age, 21 and another study that found arterial stiffness, as measured by aortic pulse wave velocity and augmentation index, increased with age in healthy adults between 21 and 96 years of age. 9 Other investigations have found increased large artery stiffness in asymptomatic participants older than 55 years 14 and decreased large artery compliance in asymptomatic participants older than 70 years. 13 Another unique finding in this investigation was that small artery compliance increased with age in participants younger than 30 years, similar to the results for large artery compliance. Thus, the compliance of the microvasculature increases with physical maturation in healthy, nonobese young participants, a finding that has not been reported in previous studies. Beyond 30 years of age, small artery compliance declined and was negatively correlated with age in those aged 50 and older. This supports a previous study reporting a correlation of À.551 between small artery compliance and age in participants between 21 and 82 years of age, 21 and an earlier investigation in our laboratory showing that participants older than 70 years had a 27% lower small artery compliance than those younger than 70 years. 13 The negative association between small artery compliance and age was not as strong in the current study, probably because the middle-aged and older participants were carefully screened for cardiovascular risk factors. Collectively, these studies demonstrate that a decline in microvasculature function occurs with age even in healthy adults, particularly beyond 70 years of age.
There are several limitations to this study. The cross-sectional research design of this study does not allow causality to be established when examining the relationship between arterial compliance and age. Another limitation is that diastolic PCA is a noninvasive technique to determine large and small artery compliance. 21, 25, 26 However, this technique has been validated with invasive measures of arterial compliance 25 and provides reliable measurement of arterial compliance. 18 The present findings are also limited to healthy, nonobese participants free of cardiovascular disease and cardiovascular risk factors. This rather strict inclusion of participants was done to better assess the association between age and arterial compliance by minimizing the impact that comorbid conditions have on arterial compliance. 18, 19 In conclusion, both large and small artery compliance increase in children, adolescents, and young adults, reach plateaus near 30 years of age, and then decline gradually in those older than 30 years who are free of cardiovascular disease and risk factors. Future studies should focus on whether different trajectories of large and small artery compliance occur in participants with cardiovascular and metabolic risk factors to better understand when interventions may be most optimal to improve arterial compliance.
